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A METHOD OF RECYCLING AN EXHAUSTED SELENIUM FILTER MASS 

This invention relates to a process for reclaiming spent selenium filter mass 
containing an inert material, following take-up of mercury by a substance which 
contains selenium and is present in the filter mass. Selenium is present in spent 
selenium filters, both in unspent active filter mass, mainly as. elemental sele- 
nium, and in reacted filter mass as mercury selenides. 

Selenium filters are being used for taking up gaseous elemental mercury, nor- 
mally in small amounts, from gases and contain a filter mass consisting of an 
active substance of elennental selenium, selenium sulphide or some other active 
selenium compound which is capable of reacting with elemental mercury. The 
main portion of the filter mass consists of a carrier of an inert material, which 
may consist of silica, aluminium oxide, or a ceramic material. Such a filter, 
which has been in general use for various purposes for about thirty years, is 
disclosed in US 3 786 61 9 which also teaches a suitable method for making the 
filter, 

in use of the filter, the active substance is gradually consumed, forming mercury 
selenide, and after operation over a period of time the performance of the filter 
will be reduced so much that its ability to take up mercury and perform the 
cleaning is no longer adequate. The filter mass is then replaced with fresh filter 
mass and the spent filter mass must be deposed in a suitable manner. Such 
deposition is costly in itself and also requires payment of waste tipping fees. In 
addition, the deposition often causes problems for several other reasons, i.a., 
environmentally, and both the carrier material and the active substance are of 
considerable value. As indicated initially, the used filter mass contains some 
unspent selenium-containing active substance, while the remainder of the 
selenium content of the active substance has reacted with mercury to form 
mercury selenide, which is a very stable compound. 



wo 2005/058462 



PCT/FI2004/000768 



2 

Typically, the spent filter mass may contain 1 to 5 % by weight of Hg and may 
still contain 3 to 5 % by weight of unspent elemental selenium. 

This being so, a reprocessing method for reclaiming the active substance 
and/or the carrier material is highly desirable. It is also desirable to be able to 
separate mercury contained In the filter mass from the inert carrier so that the 
amount of material that has to be deposed is as small as possible, e.g. to 
reduce the costs for the deposition. 

Previously, methods have been proposed for processing mercury-containing 
waste at relatively high temperatures and in the presence of selenium to 
remove the mercury of the waste in the form of gaseous selenides. In such a 
method, primarily developed for used button-type batteries, which is described 
in EP 0655794, the batteries are treated in a rotary furnace at about 800°C In 
the presence of selenium to evaporate mercury in the form of selenide, thereby 
making the batteries harmless. 

Such prior art methods for the destruction of mercury-containing materials are 
not useful or even feasible for processing spent selenium filter masses, par- 
ticularly so if the filter masses are to be reclaimed, because capture of mercury 
existing as elemental mercury. Hg°, and as selenide, HgSe, will be problematic. 
Separation of the selenium for reclaiming will also be troublesome. 

The object of the invention is to provide a process by which spent selenium filter 
masses can be reprocessed, in a manner that is both economically and environ- 
mentally acceptable, for reclaiming both the selenium and the filter mass. With 
such a process, a spent selenium filter mass can be cleaned and reused, while 
captured mercury contained in the filter mass can be separated and deposed in 
a suitable stable fomi. 

To that end, the filter mass is treated in the steps which are set forth in the 
accompanying claims. In the course of the reclaiming process, the used and 
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spent selenium filter mass is first treated with a hydrogen peroxide solution, 
suitably having a concentration of about 50 %, for leaching out essentially all of 
the unspent active substance in the filter mass to form selenious acid. The 
resulting selenious acid is then separated and isolated. Then, this selenious 
acid is advantageously transferred to an installation for producing new selenium 
filter mass. 

The filter mass that has been freed from the solution is then treated with aqua 
regia, preferably at an elevated temperature, for dissolving essentially all of the 
mercury selenide contained in the mass. The remaining filter mass, which is 
mainly formed of the inert carrier, remains essentially undissolved. The aqua 
regia solution with the content of mercury dissolved in it and selenium from the 
dissolved mercury selenide are separated from the filter mass and isolated. 

Suitably, the aqua regia solution is heated and aerated to evaporate any excess 
of aqua regia. If it is desired to reclaim selenium from the solution, SO2 is intro- 
duced into the solution after a partial neutralisation by suitable pH adjustment, 
resulting in precipitation of selenium as elemental selenium, Se(s), that can be 
used to produce selenious acid for use, if desired, in the production of new 
filters. After further partial neutralisation of the solution, the mercury can be pre- 
cipitated in the form of some poorly soluble compound other than selenide, such 
as sulphide. Thus, the solution can reprocessed for reclaiming the selenium it 
contains, and the mercury content can also be obtained in a form that is suitable 
for deposition in an environmentally safe manner. Such reprocessing is not al- 
ways possible or desirable, however, and, after neutralisation, the mercury and 
the selenium contained in the solution will then be precipitated as HgSe, so that 
mercury is taken care of for deposition in that very stable form. As indicated, it is 
preferred, however, to obtain the selenium for reuse and depose the mercury in 
a different stable form, such as sulphide. 
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Being now essentially free from the aqua regia solution and only containing inert 
material, the filter mass is washed and dried and then, like the previously sepa- 
rated selenious acid, forwarded to production of new selenium filter mass. 

The invention will now be described as a preferred embodiment illustrated in the 
figure which is a diagrammatic flow chart of a process according to the inven- 
tion. 

The selenium filter mass is first fed to a tank for "Leaching 1", in which the filter 
mass is leached with about 50 % hydrogen peroxide, H2O2, for leaching out 
selenium, that is, the unspent content of selenium, not bound to mercury, of the 
active filter mass. This leaching, which can be carried out in several steps, 
results in formation of selenious acid, HaSeOa, which can be used as a starting 
material in the production of a selenium filter mass as is disclosed in the previ- 
ously mentioned US 3 786 619. A solution containing selenious acid is thus 
obtained and forwarded to a purifying and filtering unit from which pure sele- 
nious acid is further transferred to an installation for the production of selenium 
filter masses. 

The leach residue from "Leaching 1", that is, the remaining filter mass with its 
content of mercury selenide, is then subjected to another leaching step in 
"Leaching 2". In this leaching, which is carried out with aqua regia, that is, con- 
centrated nitric acid mixed with three times as much of concentrated hydro- 
chloric acid, the solid mercury selenide will be dissolved while forming a solution 
containing selenium and mercury in ionic form. Optionally, the leach tank may 
be heated so that the leaching takes place at an elevated temperature. The 
leaching is carried on until all or at least almost all of the mercury selenide 
content has been dissolved. 

The solution with its dissolved content of mercury and selenium is separated 
from the leach residue, which is essentially formed by the inert carrier of the 
mass. The leach residue is withdrawn and washed with water and dried so that 
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a suitable carrier raw material for tlie production of filter masses is obtained, 
whereupon it is forwarded to an installation for such production. 

The solution of aqua regia from "Leaching 2" is heated and blown with air for 
removing excess aqua regia, whereupon the solution is partially neutralised in 
two steps so that the selenium can first be precipitated with SO2 while forming 
Se(s), whereupon the precipitate of elemental selenium is separated from the 
solution. Using sodium sulphide or a different sulphide, selenium is then 
precipitated as HgS which can be separated and withdrawn for deposition. 

After suitable purification, the precipitate of elemental selenium, Se(s), from the 
neutralisation step can be brought to the installation for filter production. 

The inventive step of the invention will now also be elucidated from an environ- 
mental and economical point of view. 

It can be estimated that spent filter mass contains at most 125 kg of mercury 
per cubic metre. When transformed to HgS of a density of 8100 kg/m^. a volu- 
me of about 18 litres of fine-grained sludge is obtained. Even if small amounts 
of other substances should accompany the precipitate, the volume will not ex- 
ceed 50 litres. That is, the volume of mercury-containing waste to be deposed 
will only be about 5 % of the original volume. Thus, the need for deposition is 
reduced to one twentieth when spent selenium filters are reprocessed in 
accordance with the invention. If the selenium of the mercury selenides formed 
is reclaimed, there are basically no selenium wastes and attendant losses. 

The cost reduction obtained by the process according to the invention is sub- 
stantial. A direct conversion based on the volume would thus result in a reduc- 
tion of the deposition cost by as much as 95 %. The reuse of the cleaned carrier 
mass also means a great cost reduction. 
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In preliminary tests, leaching of the filter mass was carried out with an initial Hg 
content of 2.72 % and an initial Se content of 5.5 %. Leaching 1 using hydrogen 
peroxide resulted in leaching out of a total of 72 % of the selenium contained in 
the filter mass. In a following Leaching 2 using aqua regia, 99 % of the mercury 
content and also 25 % of the original selenium content could be leached out. 
The solution was neutralised, and selenium and mercury were precipitated as 
sulphides. After the precipitation the solution contained <0.001 % of the original 
content of mercury and 2.5 % of the original content of selenium. After washing 
of the leached mass, the mass contained only 0.2 % Hg of the original content, 
corresponding to a mercury content in the fully leached mass of about 0.005 %. 
These tests thus show that it is possible selectively to leach out the selenium 
which can then be returned to production of selenium filter masses. The 
leaching out of mercury has also been found to be effective, and the process 
according to the invention has reduced the volume to be deposed as mercury 
sulphide to about one eightieth of the original volume. 



